Hydrocotyle javanica Thunb. (Apiaceae), a medicinal herb of the southern Western Ghats was chosen for the elucidation of bioactive phyto constituents by GC-MS. This work was taken up to substantiate the ethnomedicinal uses by the natives and other indigeneous people from different regions by providing a database of bioactive constituents in this plant. The GC-MS analysis of the whole plant methanol extract identified thirty six bioactive compounds dominated by ten sesquiterpenes (6.11% peak area). The maximum peak area of 33.37% was occupied by cinnamic acid-cyclohexyl ester. The first compound to be identified was p-cresol with retention time of 3.60 min, where as b-Sitosterol was the last compound which took longest retention time of 37.10 min. The 36 compounds predominantly belonged to sesquiterpenes, fatty acids, terpenes, phenolics and steroids. These diverse active phyto constituents could offer protection against many ailments due to their wide range of activities.
INTRODUCTION
Hydrocotyle javanica Thunb. commonly called as 'java pennywort' of the family Apiaceae is a procumbent herb growing in moist shaded places at high altitudinal regions in Nilgiris district, Tamilnadu, India. It is traditionally used in many regions of the world to cure many ailments. The ethnic communities of Manipur use the whole plant to cure stomach ulcer, urinary troubles, digestive complaints, dysentery and skin diseases 1 . The leaves are used in Akha's traditional medicine in China and Thailand as liniment on rashes 2 . The local vaidyas of Gavanal village at Hukkeri taluk of Belgaum district administer the entire plant for treating mental problems and to increase memory power 3 .Kurichia tribes inhabiting Vythiri taluk of Wayanad district apply the juice of the whole plant on the chest to cure asthma and fits 4 . Ethnic groups called 'Girijana' of Kodagu district in Karnataka ingest the crushed whole plant in butter milk to cure dysentery 5 . Leaves of H. javanica are used as a blood purifier by the tribes of Thiashola, Manjoor, Nilgiris district 6 . In Manipur this plant is traditionally used as an aperient, against fever, and its paste is applied in skin diseases 7 . Traditionally, the fresh plant parts of H. javanica are crushed and ingested orally to cure sores of throats and lungs. Leaf juice is often used as eye drops to cure eye infection and leaf paste was used in dressing of wounds to reduce swelling and juice of shoots can treat gastritis and constipation as reported to be used by local people of Darjeeling 8 .
The ethno-medicinal uses of H. javanica are appreciable but the active principles involved in these treatments have not yet been tapped scientifically by experimental analysis. Thus, these traditional pharmacological uses had been the driven force for the present investigation to determine and identify the bioactive phytocompounds in the whole plant methanol extract of H. javanica by Gas Chromatography-Mass Spectrometry (GC-MS) analysis.
MATERIALS AND METHODS

Plant collection and identification
H. javanica was collected from the Aravenu region of Nilgiris district in Tamil nadu and identified by Dr. M. Murugesan, Scientist B, BSI, Shillong. A voucher specimen (KASC/H/1862) has been deposited at the herbarium maintained by Kongunadu Arts and Science College, Coimbatore, Tamil nadu, India.
Extraction
The washed and air dried whole plants of H. javanica were powdered in a pulverizer and about 250 g of this powder were defatted in petroleum ether. The defatted powder was subjected to Soxhlet hot extraction using 750 mL methanol for 6-7 hrs, being a delicate plant. It yielded 8.2 g of pale-yellow coloured, semi-solid form of extract. The extracts were reduced to dry residue and stored in aseptic conditions in the refrigerator for further studies.
GC-MS analysis and Instrumentation
The methanol extract of H. javanica was analyzed through Gas Chromatography-Mass Spectrometry/ Mass Spectrometry for identification of different compounds. GC-MS are unanimously accepted methods for the analysis of constituents of herbal medicines, due to their sensitivity, stability and high efficiency. The analysis of pharmacologically active components in herbal medicines by gas chromatography is very important in elucidating the composition and relative concentration of the organic compounds 9 . GC-MS analysis was carried out using a Scion 436-GC Bruker TQ quadrupole GC -MS system with a built in National Institute of Standards and Technology (NIST) library Version 11. The GC-MS system was equipped with a 30 m x 0.25 mm ID x 0.25 μm df column BR-5MS (5% Diphenyl / 95% Dimethyl poly siloxane). To separate the extracts, the capillary column temperature was programmed as follows: 110 °C hold for 3.50 min; Up to 200 °C at the rate of 10 °C/ min-No hold; Up to 280 °C at the rate of 5 °C / min-12 min hold. The injector temperature was set at 280 °C. The carrier gas used was helium at a flow rate of 1 mL/min. The concentrated extracts were injected with a 2μL volume using a split (10:1) injection approach. The instrument was operated using an electron ionization source with the Inlet line temperature at 290 °C and ion source temperatures set at 250 °C. The ionization potential (Electron energy) was 70 eV. The MS data were collected from Mass scan (m/z) 50-500 amu with a solvent delay of 0-3.5 min. Total MS running time was 40.50 min. Data acquisition and processing was performed using software MS work station 8. The separated components were identified through mass spectral comparison with a built in NIST -11 MS library.
RESULTS AND DISCUSSION
Bioactive constituents in H. javanica
The GC-MS analysis of H. javanica whole plant revealed the presence of thirty six compounds (phytochemical constituents) that could probably contribute to the medicinal quality of the plant (Table 1) . Many of these compounds are biologically active against cancer, tumours, inflammation, pyrexia, microbes, fungus (Table 2) . About ten sesquiterpenes were identified that occupied 6.11 % peak area. These are d-Elemene, τ -Elemene, Caryophyllene, cis-b-farnesene, Humulene, g-Elemene, b -Nerolidiol, (+)-Spathulenol, (-)-Spathulenol, Isoaromadendrene. Squalene (triterpene), phytol (diterpene), two steroids Stigmasterol and b-Sitosterol, Linoleic acid, Oleic acid methyl ester, Palmitic acid methyl ester, p -Cresol (Phenol), Cinnamic acid cyclohexyl ester and two ketone compounds were among the other compounds identified. The maximum peak area of 33.37% was occupied by Cinnamic acid-cyclohexyl ester (Fig. 1) . The peak area, retention time and molecular formula confirmed the identification of the phytochemical compounds. The first compound identified with less retention time of 3.60 min was p-cresol, whereas b-Sitosterol was the last compound which took longest retention time of 37.10 min to identify. The biological activities listed are based on Dr. Duke's Phytochemical and Ethnobotanical Databases.
The preliminary qualitative phytochemical studies on methanol extract of H.javanica evinced the presence of alkaloids, coumarins, flavonoids, glycosides, phenols, saponins, terpenoids and tannins as the main bioactive constituents and have already been reported 10 .
In the present study major class of compounds were the sesquiterpenes, terpenes, fatty acids steroids, ketones and phenolic compounds. However, cinnamic acid cyclo ester and a ketone compound (S.No.34 and 33, Table 1), occupied major peak areas. The fatty acids were palmitic, oleic and linoleic acids with cancer preventive and hypocholesterolemic activities, specifically. Of the 36 compounds identified in the methanol extract of H. javanica, 10 belonged to the class of sesquiterpenes, 5 fatty acids, 4 terpenes, two ketones, one flavonoid and phenolics that possessed notable biological activities. The cinnamic acid ester that occupied the major area was known for its bioactivities such as antioxidant, analgesic and anti-inflammatory. On the whole 20 constituents were known for their anti-inflammatory activity, 14 for their anti-tumour or cancer preventive activities, 11 for their analgesic, 10 with sedative action, 10 antimicrobial and 10 antibacterial. Hence the present ethnomedicinal plant can be adjudged as a potent anti-inflammatory agent. Also, it could be used as a sedative, anticancer, analgesic and anti-microbial agent. The Apiaceae taxa are distinguishable by the occurrence of umbelliferose, and polyacetylenes, several specific phenols, phenylpropanoids, terpenes, saponins and coumarins in fruits, leaves and/or roots 11 . Petroselinic acid and Linoleic acid were the fatty acid constituents reported to be present in all of the Apiaceae genera 12 .
The major components of leaf and flower essential oil from H. bonariensis were the monoterpenes (53.6%) and sesquiterpenes (10.5%) 13. The aerial parts of H.umbellata L. (Apiaceae) yielded 0.025% of essential oil through hydrodistillation which was analysed by capillary GC-FID and GC/MS. 92.1% of the oil were characterized by twenty-one constituents. The major compounds were germacrene D (26.0%), b -sesquiphellandrene (17.5%) and b-bisabolene (16.5%) 14. The essential oil from the coriander herb contained the highest amount of aliphatic aldehydes, among which decanal, E-2-dodecanol and E-2-decenol had the highest percentages 15 . GC-MS spectrum of ethanolic leaf extract of Centella asiatica had shown the presence of the major components methyl pyromeconic acid (maltol) (RT: 5. 20 .
CONCLUSION
Most of the Apiaceae members are aromatic due to rich content of essential oils and hence GC-MS of essential oils have been analysed and reported earlier, but the GC-MS of whole plant extract has not been reported much. This as a first study on GC-MS analysis of H. javanica has provided clarity into the bioactive constituents aiding in the ethnopharmacological uses. The scope of the present study warrants the isolation and characterization of the important lead compounds, which will be taken up in the future. This plant could be promising as a valuable and cost effective herbal medicine whose potentials can be tapped for therapeutic uses.
